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SOTtCt 

When  CdvernB>ent  drawings,  specifications , or  other  data  are  used  for  any  pur- 
pose other  than  in  connection  with  a definitely  related  Covernirent  prr>cureir>ent 
operation,  t.’ie  United  States  Sovernnent  thereby  incurs  no  responsibility  nor  any 
obligation  whatsoever:  and  the  fact  that  the  governnent  may  have  formulated, 
furnished,  or  in  any  way  supplied  the  said  drawings,  specifications,  or  other 
data,  is  not  to  be  regarded  by  implication  or  otherwise  as  in  any  nenner  licen- 
sing the  holder  or  any  other  person  or  corporation,  or  conveying  any  rights  or 
permission  to  manufacture,  use,  or  sell  any  patented  invention  that  may  in  any 
way  be  related  thereto. 


This  report  has  been  reviewed  by  the  Information  Office  (01)  and  is  releasable 
to  the  Sational  Technical  Information  Service  (STIS) . At  STIS,  it  will  be  avail- 
able to  the  general  public,  including  foreign  nations. 
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1.  report  covers  the  final  phase  of  the  previous  F-4E  Austere  HUD  ProRram 
AFAL-TR-76-190,  dated  December  1976.  This  report  covers  live  aerial  gun 
firing  performance  support  that  Westinghouse  provided  for  the  gunsight 
mechanization  previously  Incorporated  in  test  aircraft  No.  304  at  AFFTC. 

2.  The  report  also  covers  SEAFAC  support  work  and  transformers  delivered  to 
SEAFAC. 
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FOREWORD 


Contract  K3161  3-74-01 1 73  (li<l  the  necessary  modif ic<it Ions  to  result 
in  an  i n t e>; r.i t e<l  weapons  system  on  F-4E  aircraft  tail  number  304  at  the 
Air  Force  Flight  Test  Center.  Air-to-air  missilery,  air-to-.ilr  gunnery, 
and  air-to-ground  gunsight  modes  algorithms  were  mechanized  by  a software 
program  in  an  installed  GFE  computer  aboard  the  aircraft,  including 
integrating  a GFE  (Texas  Instruments  and  General  Electric)  Austere  HUD. 

This  final  report  covers  the  efforts  of  contract  F33615-76-C-1340, 
in  which  the  Air  Force  tested  out  the  previous  contract  mechanization 
for  the  gunslght  modes.  The  Tracer  and  Air  Force  Digital  Lead 
Computing  Optical  Sight  routines  were  flight  tested  with  real  firings  against 
airborne-iowed  targets. 

Tills  final  report  was  submitted  by  Westinghouse  Electric  Corporation  under  Contract 
F33615-76-C-n40,  Project  69DF,  Task  01,  Work  Unit  29,  contract  data  requirements, 
sequence  no.  1 for  the  U.S.  Air  Force  Avionics  Laboratory,  Wrlght-Patterson  Air  Force 
Base,  Ohio  45433.  Skip  Wenk  was  the  Westinghouse  Program  Manager. 
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T.STRODtTTinS 

The  F-4K  Avionics  Update  PrOftram  was  a follow-on  to  the  previously  con- 
cluded Austere  HLD  Pro>;rar.  which  covered  the  period  of  May  197<»  throuKh 
the  latter  part  of  197^. 

The  Austere  HIT)  Flight  Test  ProRram  was  flown  at  the  Air  Force  FllRht 
Test  Center,  Kdwards  Air  Force  Base,  California;  its  basic  Roals  belnp,  to  verify 
the  accuracy  and  performance  of  the  F-4E  Austere  Heads  Up  Display  alr-to-air 
gunslRhts  by  the  Integrated  Westlnghouse  AN/AYK-8  computer  and  software  package 
with  the  Texas  Instruments/Cencral  Electric  Heads  Up  Display  and  the  Honeywell 
Aerial  Gunnery  Software  routines.  This  Integrated  system  was  then  installed 
in  an  Air  Force  F-4E  aircraft  and  flown  by  Air  Force  test  pilots  and  Tactical 
Air  Command  pilots  to  evluate  and  optimize  the  system  In  a simulated  combat 
environment.  Some  60  flights  were  flown  and  each  pilot's  comments  (likes,  dis- 
likes and  suggestions  for  Improvement)  were  noted  and  discussed.  These  dis- 
cussions resulted  In  modifications  to  the  swltchology,  symbology,  algorithms 
and  software. 

The  Austere  HUD  Program  ended  with  the  general  agreement  that  an  optimum, 
operational  system  had  been  produced  for  the  mechanized  gunnery  modes. 

The  F-4E  Avionics  Update  Flight  Test  Progr.im  then  followed  in  which  this 
optimized  system  was  evaluated  in  a simulated  combat  environment  with  the 
actual  firing  of  live  bullets  at  towed  targets. 


1 


ri(>N  11 


n M;ir  ti  st  si’vvAnv 

.Iun«-_l‘>76  through  JiiW 

Thf  F-4F  Avionlrs  I’nd.itf  Prov.r.ir!  P.r*t  'irKltTw.iv  wlfS  tHf  r«*ln<*tal  l.it  Im 
pt  I'll-  HID  svston  Into  K-4F.  .ilrcraff  n'lr'Sfr  Vt4,  w^'lcS  H.ifl  ri-furntu!  f'O"' 

Hill  Air  Forc«'  wher*-  it  has  b«  on  py.tfnslvi-ly  rmtlltji.d  *0  Srlnr.  St  nf* 

to  thf  latfSt  F-4F.  opt  rat  tonal  conf  Ipurat  Ion . 

Initially,  sotno  nrohlens  wer»*  cnco>int<rt*d  In  pfttlnp  the  svsttrr  op«-r.i- 
tlonal  and  the  first  17  flights  were  only  pirtiallv  sucressfnl  due  to  I'e 
fact  th.it,  after  10  to  40  minutes  of  fllpht,  the  system  automat Irnl Iv  shut 
down  and  could  not  he  restarted.  Pt'or  oper.atlon  was  experl«nc«-d  with  *..»nv  of 
the  avionic  subsystems.  The  cause  of  these  shutdo'vns  was  not  Immediately 
determined.  The  very  hot  and  dry  weath»-r  conditions  at  thi  Fdwards  Air  Force 
Base  locale  made  isolating  the  problem  extremely  difficult. 

The  problem  was  finally  isolated  to  a failure  In  the  aircraft  enulrrent 
coollnR  system,  which  caused  the  Introduction  of  very  cold  air  Into  the  electronics 
equipment,  resulting;  in  ice  and/or  moisture  condensation  at  hlphi-r  altitudes. 

The  lost  time  and  data  as  a result  of  this  failure  clearly  demonstrated  the 
definite  need  for  low  temperature  and/or  moisture  detection  devices  In  future 
avionics  equipment  opi  ratlnt;  .at  hlph  altitudes. 

During  the  reirui i nder  of  the  -lune/July  197h  period,  .aircrews  consisting 
ol  : Miijors  Milam,  McDonnald,  Meschko  and  Capts.  Casper,  Gardner,  Crlmmel 
•and  Mulane,  flew  25  additlon.al  missions.  Verified  liits  were  scored  during 
13  of  these  25  flights.  The  target  was  missed  on  only  three  flights.  The 
tow  target  was  lost  on  four  flights,  the  gun  Jammed  on  one,  two  were  abi.rted 
for  tow  aircraft  problems  and  two  were  test  flights  in  wiiirh  no  gunfire 
was  attempted. 


Major  Oavt*  Milam  had  the  distinction  of  beint;  the  first  pilot  to  hit 
the  target  uHini>  the  tr.ifer  (hotline)  itunnery  mode. 

WestlnRhouse  Field  Representative,  Bruce  Klinger,  deslKned  at  the  test 
sie.ht  and  Inst.illed  circuitry  in  the  AN/AYK-8  computer  for  interfaclnK  the 
airborne  time  code  generati>r  with  the  Hl'D  system.  This  made  possible  the  dlsp1.-iv 
o:  miss ion-e I .ipsed  time  on  the  Meads  I'p  Dlspl.iy  and  the  recording  of  el.ipsed 
time  on  the  airborne  iligital  tape  recorder.  This  greatly  facilitated  corre- 
lation of  the  giinsight  film,  digital  instrumentation  data  and  analog  instru- 
mentation data  for  on-site  analysis  purposes. 

An  interface  problem  between  the  OFF.  Digl-Data  recorder  and  the  Air  Force 
CDC  6500  computer  svstem  was  discovered  in  July  1976.  The  problem  being  that 
the  CDC  6500  computer  ATAGAS  software  would  not  accept  flight  data  instrun«-n- 
tation  tape  produced  by  the  Digl-Data  recorder.  Further  analysis  of  the  situation 
revealed  tlwit  both  hardware  and  software  problems  were  involved.  The  hardwan- 
problems  were  determined  to  be  prevloulsy  established  logic  problems  which  should 
have  been  corrected  by  the  Digi-Data  Corporation  as  modifications.  These  modi- 
fications, however,  had  not  been  Installed  in  the  Austere  HUD  Digi-Data  recorder 
at  the  time  of  its  purchase  by  the  Air  Force.  These  hardware  problems  were 
corrected,  on  site,  by  the  Westlnghouse  field  personnel. 

The  software  problem  was  a result  of  the  unnecessarily  strict  requirements 
of  the  particular  CDC  6500  computer  Alr-to-Air  Gunnery  Analysis  System  (ATAGAS) 
software  program  and  other  complications  created  by  previous  modifications  made 
to  the  CDC  6500  operating  system.  These  software  problems  were  referred  to  tlie 
Wc-stlnghouse  software  personnel  in  Baltimore  for  a solution.  The  recording 
of  digital  tapes 
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I'l'nt  Inuei!  so  th.it  flight  d.it.i  wou'd  m t h«-  lost  pondlnK  •'  ■•olo*  ion  fo  tho 
prohlon. 

Alrcr.iit  numl'or  )04  was  unavail.ibtc  for  flvlnu  i total  ol  1.'  d ivs  diirjni’ 
this  period  due  to  meelianlc.il  problems. 

August  197f'  throiiijh  September 

This  period  of  the  proKr.im  heiMn  with  a concent  rated  effort  to  Isol.iie 
and  correct  the  suspected  1 n.iccur.ic  1 es  In  the  system  indicated  hv  ihi-  .inalvsis 
of  data  obtained  durlnit  the  previous  test  fllKiits.  To  prove  tiie  ••xls'ence 
of  these  suspected  iii.accur.ac ies , it  was  decided  to  fly  sorn-  nlftht  missions 
In  which  live  tracer  ammunition  was  fired  wliile  executing  comli.it  rwineuvers. 

Analysis  of  tiie  ^unsight  camera  film  data  obtained  during  these  flights 
indie. itcd  that  the  system  was  very  accurate  during  steady-state  aircraft 
conditions,  but  aircraft  attitude  changes  Introduced  some  In.iccuracies  at 
ranges  of  2 to  3 thousand  feet.  Further  analysis  of  the  data  by  Westlnghouse 
and  Honevwell  systems  personnel  revealed  some  scale  factor  and  position 
errors  in  tiie  Honeywell  .and  West  inghousi’  softw.ire,  and  some  Inaccuracies 
in  tile  Inputs  from  the  McDonnel 1 -Dougl as  acceleror  ‘tors  and  gyros.  Adlust- 
ments  were  made  to  minimize  the  input  inaccuries  and  to  correct  and  optimize 
th<-  sc.ile  factors.  Subsequent  nlg.l't  tracer  flight  data  confirmed  th.it  the 
system  w.as  now  accurate  over  the  desired  range. 

An  inaccuracy  in  the  range  data  information  to  tlie  AN/AYK-8  computer 
from  the  AN/Al'(l-120  radar  was  also  discovered  from  the  analysis  of  test 
flight  data.  The  Westlnghouse  software  personnel  devised  a method  in  which 
an  in-flight  range  bias  correction  would  he  introduced  into  the  AN/AYK-8 
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(.'omputiT . This  procoJurt-  p.rtMtly  cifcrtfasi'd  the  time  required  tu  accurately 
determine  the  m.iy.nitude  u!  .ind  correct  this  ranK**  error.  The  Wi'st  1 np. house 
sottw.ire  personnel,  .it  the  request  «»f  the  Air  Force,  also  incorporated  a 
"la>t  line”  Uisplay  teature  into  the  l)i>;it.il  Air  Force  Lead  Computinp 
Dptic.il  Sipht  (DALCOS)  punnery  mode.  These  corrections  and  mod  it  i«  at  ions  »;re..tly 
increased  the  accuracy  and  e.ise  ol  operation  of  the  system  wliich  w.is  demon- 
strated by  the  very  impressive  results  obtained  throughout  the  ren.-ilnder  of 
the  propram. 

Durinp  tiie  Aup.ust /September  1976  period,  aircrews  conslstinr.  of  riajors 
Meschko  and  Howard,  and  Captains  (..irdner,  Crlnmel,  Pomeroy  and  Sizem.>re, 
tlev  48  missions  - 43  of  which  were  punnery  fliphts.  Verified  hits  were 
set. red  on  22  of  the  43  attempts.  The  tarpet  was  missed  on  only  five  fliphts. 

Ttu-  tow  tarpet  w.is  lost  on  six  fliplits,  five  were  aborted  for  aircraft  number 
J04  mecluinical  problems,  five  were  aborted  for  tow  aircraft  problems  and  five 
were  data  fliphts  where  no  attempt  was  made  to  hit  a tarpet. 

Some  very  impressive  punnery  scores  were  achieved  durinp  this  period. 

Some  of  tite  verified  tarpet  lilts  were  nwide  under  the  followinp  conditions: 
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Ihirlnf  flights,  m^voral  «-xt  rcru-l  v difficult  Kunru-ry  feats  were 

petfi'r~ei!  hv  M.i  tor  Tor  Meschko  and  Captain  ttuv  'i.irdner.  Two  of  these  beinp: 
hittin'  a t.iry.et  at  b C's  with  a lO*  aspect  anp.le  uslnt;  onlv  a SO  round  pun 
burst  and  fiittinR  a tarpet  at  ^.5  f.'s  wltli  an  aspect  anKle  i>f  lbO'\  also  witit 
a SO  round  burst. 

WestinRhoiise  Field  Representat  1 v«' , Bruri-  KlinRer,  designed  and  installed 
circuitry  in  the  AN'-AYK-8  computer  for  interfile  ing  the  airborne  Distance 
Measuring  t-rjulpnent  (DMK)  with  the  III'D  svstem.  This  .allowed  the  I)MK  range* 
to  bt  recorded  on  the  airborne  digital  instrumentation  equipment  and 
nuri'flrallv  displ.ived  in  tlie  aircraft  cockpit. 

During  the  August /September  197b  period,  aircraft  number  304  was  un- 
iv.illable  for  flying  a total  of  five  days  due  to  mechanical  problems  and 
two  flying  days  were  lost  due  to  inclement  weather. 

The  successful  fllglits  produced  data  required  for  the  evaluation  of  the 
system  and  23  reels  of  digital  instrumentation  magnetic  tape  of  the  flight 
data  were  generated  for  further  an.ilysls  bv  the  Air  Force  personnel  as  Input 
data  to  the  Air  to  Air  hunnery  Analysis  System  (ATAflAS)  computer  program. 
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The  tli^ht  test  lu^s  showed  188  flights  with  no  computer  failures 
to  the  An/AYK-8  comoiiters.  The  total  flieht  hours  Involved 
were  107  hours.  It  Is  of  particular  note  that  both  AN/AYK-8  computers, 
used  durtnp.  the  Austere  llb'D/K-4K  Avionics  U|Ni.ite  Program,  operated  .-ilroust 
1.  ont  inutuisiy  for  Jb  months  without  a slnttlc  failure. 


The  Air  Force  was  very  pleased  with  the  results  of  the  program  and 
consider  it  to  be  .i  highly  successtul  flij;ht  test  program. 

The  following  is  an  individual  flight  scoring  chart. 


ight  # 

Hot  Passes 

Hits  Confirmed 

Mode 

20 

Not 

Available 

3'es 

DAI.COSS 

22 

8 

V 

DALCOSS 

23 

9 

Shot  Target  Off  Cable 

DALCOSS 

2') 

2 

Destroyed  Target 

DAI.COSS 

26 

1 

Shot  Target  Off  Cable 

DALCOSS 

27 

8 

Shot  Down  Target 

Tracer 

28 

3 

Shot  Target  Off  Cable 

32 

7 

Yes 

DALCOSS 

33 

f) 

Yes 

DALCOSS 

36 

4 

Yes 

33 

6 

Yes 

Tracer 

38 

2 

Shot  Target  Off  Cable 

Tracer 

40 

7 

Yes 

Tracer 

42 

5 

Yes 

Tracer 

43 

6 

3'es 

Tracer 

44 

3 

Yes 

Tracer 

45 

7 

Yes 

Tracer 

58 

12 

Yes 

Tracer 

60 

10 

Yes 

DALCOSS 

61 

6 

Yes 

DALCOSS 

62 

') 

Disintegrated  Target 

Tracer 

64 

4 

Siiot  Target  Off  Cable 

DALCOSS 

65 

10 

Sliot  Target  Off  Cable 

Tracer 

67 

5 

Destroyed  Target 

1 Tracer, 

1 DALCOSS 

6 9 

3 

Unknown  - Destroyed 

DALCOSS 

70 

Not 

Available 

Yes 

DA1.C0SS 

73 

18 

Yes 

8 Tracer, 
10  DALCOSS 

74 

2 

Destroyed  Target 

DALCOSS 

75 

1 

Yes 

78 

11 

Yes 

1 Tracer, 

3 Tracer 

89 

8 

Yes 

3 Tracer 

1 DALCOSS 
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TIME  CODE  CENT.RATOR  MODIFICATIONS 


A CKE  time  code  generator  was  Installed  In  aircraft  304  by  the 
Air  Force  and  interface  between  it  and  the  AN/AYK-8  computer  liad  to  be 
designed  and  installed  in  the  field.  The  software  was  changed  such  that 
the  program  would  read  tl»e  timer  and  then  record  the  coded  time  on  tlie 
Raymond  tape  handler  along  with  the  f>5  program  and  status  parameters  of 
the  wepons  modes.  Tlii.s  greatly  facilitated  locating  and  reducing  the 
snap  shot  programs. 


Tlie  design  and  wiring  list  follows: 


Ac  t ion 

From 

To 

Sig 

Name 

De 1 e t e 

XA504/5 

XA504/8 

504 

ii 

5.2 

V 

Delete 

X.\504/5 

XA504/3 

504 

U 

5.2 

V 

Delete 

XA504/8 

XA504/37 

504 

u 

5.2 

V 

Delete 

XA504/13 

XA504/43 

504 

u 

5.2 

V 

De i e t e 

XA504/13 

XA504/44 

504 

D 

5.2 

V 

Delete 

)D\504/17 

Xy\504/2l 

504 

U 

5.2 

V 

De 1 e t e 

XA504/17 

XA504/47 

504 

D 

5.2 

V 

De 1 e t e 

XA504/21 

XA504/55 

504 

U 

5.2 

V 

Delete 

XA504/27 

XA504/31 

504 

u 

5.2 

V 

Delete 

XA504/37 

XA504/43 

504 

D 

5.2 

V 

Delete 

XA504/44 

XA504/47 

504 

D 

5.2 

V 

These 

pins  should  now 

be  empty  504/3,5,8,37 

.13,47, 

21, 

31 

ADD 

)0\504/27 

XA504/56 

504 

U 

5.2 

V 

ADD 

XA504/55 

XA504/44 

504 

U 

5.2 

V 

ADD 

XA504/44 

101504 /4  3 

504 

U 

5.2 

V 

ADD 

Xi\504/4  3 

XA504/17 

504 

U 

5.2 

V 

ADD 

XA504/55 

XA504/56 

504 

U 

5.2 

V 

These  pins  simuld  now  be  connected  B09/001,  XA504/27 , , 56, 44 , 43, 1 7 


8/9 


Ao  t ii’n 

From 

To 

8_i^_Nano 

API) 

X^\502/S9 

XA304/39 

3.2  V 

XA502/59 

XA302/38 

3.2  V 

■\!)!) 

XASn2/‘i8 

XA502/23 

3.-’  V 

AI)!) 

XASn2/23 

XA302/32 

3.2  V 

AUl) 

XA502/32 

XA302/83 

3.2  V 

ADO 

XA5n2/33 

)0\302/33 

3.2  V 

ADI) 

XA502/5') 

XA 302/4 7 

3.2  V 

ADD 

XA502/19 

X(\502/48 

IKIND 

.\1)D 

>0X302/48 

XA302/30 

WIND 

ADD 

X.\502/30 

Xi\304/30 

DOM) 

ADD 

'0\S()2/20 

X/\302/49 

.8  soc  - Ret 

ADD 

X.\302/45 

XA302/46 

.8  sei  - 

ADD 

XA502/46 

>0X302/ 3 

.8  sec  - 

ADD 

XA502/3 

XA302/2 

. 8 see  - 

ADD 

X/X502/4 

XA502/34 

. 8 .see 

-VDD 

XA502/36 

XA504/3 

I .sec  TC'O 

/V)D 

X.\502/32 

X.X502/51 

Reset  Ref 

ADD 

XA302/37 

X>\3n2/56 

Reset  t ime 

ADD 

X.\302/37 

X>X302/12 

Resi-t  time 

ADD 

X.\502/I2 

XA302/13 

Reset  time 

ADD 

XA302/13 

XA302/3 

Reset  time 

ADD 

XA520/45 

>0X502/14 

Sottwart-  reset 

ADD 

X^\3i)T/14' 

XA302/I5 

Software  reset 

AD!) 

XA5n2/16 

XA 502/6 

Reset  S 

ADI) 

XA302/7  ■ 

X>X302/ri 

Reset  ‘•T 

ADD 

X.\502/7 

XA302/10 

Reset  FF 

ADD 

XA >02/9 

XA302/31 

Reset  FF’  - 

ADD 

X>\302/11 

>0X304/8 

Zero  Time 

ADD 

28,3  3/ 3 3 

XA502/5f)' 

XA502/49 

.8  sec  - IN 

ADD 

28.13/ 34 

.8  sec  - RFT  IN 

ADD 

28.13/55 

XA502/53] 

XyX502/32' 

Reset 

ADD 

28.13/56 

Reset  Ret 

5 9 - 

35  - 47  - 23  - 

5ft 

ADD 

XAb02n'i 

to 

XA502/53 

ADD 

X>\302/55 

to 

XiX302/47 

ADD 

X>\502/4 

to 

>0X502/33 

ADD 

XA502/33 

to 

XA502/17 

ADI) 

XA502/36 

to 

XA502/1S 

ADD 

XA502/22 

to 

XA302/40 

ADI) 

XA502/38 

to 

>0X304/3 

ADD 

XA302/31 

to 

XA 302/44 

10 


Figure'  ].  TCC  Interface  Mudif  icat  ion  - LRr-2« 
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k . Digital  Readout  for  Time  Code  Generator 

The  Air  Force  decided  that  it  needed  an  on-the-spot  display  of  the 
tine  code  generator,  and  installed  a digital  readout  meter  on  top  of  the 
code  generator.  The  AN/AYK-8  was  again  modififed,  both  hardware  and  soft- 
ware, to  drive  the  display  and  present  the  time  in  appropriate  time  digits. 

Tlie  wiring  modes  are  shown  in  figure  3. 


• .1  f ' 

W'  » t A . » •. 

» r ' . • . 


» « j • - 


f.  c - ► • . ' 

n,  -i  it-  t t 


Figure  3.  Wiring  Modes  - TCC,  Pinkie  Switch,  DME  Range  Input 
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B . I U s t .1  n£5^_M i' • I r tng  ^<14.1^'^ ' ’ fi  <■ 

Ilu’  riinK*-’  iio.isiir  in>>,  svstfm  descr  ih<'d  In  Appi-ndix  1 Iiad  to  l)f  inturfared 
III  the  AN/AYK-8  computer,  as  mentioned  previously. 


The  interface  wirini;  modif  icat  it'Os  Installed  .it  the  Air  Force  Flight 


Test  Center  are  as  follows: 


Act  ion 

From 

To 

SIk  Name 

Delete 

XA503/3 

XA503/5 

503 

li 

5.2 

V 

De  U' t e 

.XA303/3 

»08/()01 

503 

u 

5.2 

V 

De 1 e t e 

XA503/8 

XA503/37 

503 

u 

5.2 

V 

Delete 

.XA303/37 

XA5()3/43 

50  1 

u 

5.2 

V 

De  lete 

XA 503/44 

X/\503/13 

503 

►' 

5.2 

V 

Delete 

XA503/1 3 

XA503/17 

503 

u 

5.2 

V 

De lete 

XA503/17 

>03  5 0 3 / 47 

503 

D 

5,2 

V 

De lete 

XA503/47 

XA503/4h 

503 

u 

5.2 

V 

Del ete 

>D\503/20 

X/3503/21 

503 

D 

5.2 

V 

De  lete 

>03  503/21 

XA503/55 

503 

u 

5.2 

V 

Delete 

XA503/5a 

XA503/31 

50  3 

D 

5.2 

V 

De  U“te 

XA503/5H 

.XA503/29 

50  3 

5.2 

V 

ihesc 

pins  should  nov; 

be  empty:  3,  37,  13, 

47,  21,  31 

ADI) 

B08/001 

XA503/5 

503  p 5.2  V 

ADD 

XA503/8 

XA503/43 

503  ii  5.2  V 

ADD 

XA503/44 

,XA503/17 

503  u 5.2  V 

ADD 

XA503/1 7 

XA503/4() 

503  u 5.2  V 

ADD 

.XA503/20 

>03  5 0 3 / 55 

501  u 5.2  V 

ADD 

XA503/44 

XA503/20 

> 

o 

1^3 

These 

pins  should  now 

be  connected  H08/001, 

5, 7,8,43,44, 

58. 

X.3h  1 1 

should  not  li.ive 

any  connec t i ons . 

ADD 

XAhll/59 

1)9/001 

+5.2  V 

ADD 

Xy361  1/59 

XA611/50 

+5.2  V 

ADD 

XA6 11/50 

.XA611/24 

+5.2  V 

ADD 

Xy3611/30 

1)9/002 

DCND 

ADI) 

XA611/31 

XA504/47 

DMK  KNA 

ADD 

>03611/10 

■Xi350472T 

DMK4 

ADD 

,XA611/33 

XA504/37 

l)Mi;8 

ADD 

XA611/8 

XA504/n 

DMK  16 

ADD 

XA6 11/40 

XA504/ 3 

DMK  3 2 

ADD 

XA611/49 

XA504/31 

DMK  64 

,29 
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.\c  t i on 

From 

To 

Sig  .S'ame 

ADD 

XA611/Ib 

.X/\303/4  7 

DMF128 

ADD 

XAbll/A? 

.XA3n3/‘21 

DMK23b 

Aid) 

XAhl  l/d‘) 

.XA303/37 

D.MK312 

ADD 

.\At.ll/hO 

XA303/'i3 

DMK1024 

ADD 

XAbll/i') 

)6\303‘/3 

DM! 2038 

ADD 

X.\f)ll,<*'i5 

XA  30  37  31 

I)MI,4048 

ADD 

XAAl  1 /!'> 

XAb  1 f/  3 

DMFS'R 

ADD 

XAd11/3(. 

XA611 /7 

D»'l  1 b ’ R 

ADD 

XAbl  l/-'.2 

XAhll/43 

DMi:l28'R 

ADD 

XAb 1 1 / i b 

.XA811/4  3 

DM1.23b'R 

ADD 

XA611/2b 

.Xy\811/38 

DMi;l024'K 

i'vDD 

XA6n/51 

XAfen/20 

DMF.2048 ' R 

ADD 

■V^i.i  1/2  3 

X/\811/33 

D.MK404b’R 

ADD 

2H.ib/».l 

.XA811/32 

TP 

EN'ABLF 

ADD 

28.!5/b2 

XA811/3 

KNA  RKT 

Ai)D 

2H.!b/A) 

.X(\81 1/4 

TP 

DMF.4 ' 

AD!) 

28.!  3/0.'. 

.XA8 11/38 

DMi;4 ' R 

ADD 

28.1  3/ hj 

,XA811/34 

TP 

D.ME8' 

,\DD 

28.13/hh 

.XA811/35 

DME8 ’ R 

ADD 

28.13/87 

XAb 11/8 

TP 

DMElb' 

ADD 

28,13/88 

XAbll/7 

D.MElb'R 

ADD 

28,1 3 /8'> 

XAb 11/41 

TP 

DME32' 

ADD 

28, '3/ 70 

XAbl 1/12 

DMi;32'R 

ADD 

28.13/71 

XAbll/48 

TP 

DMF.b4' 

ADD 

2813/72 

XAbl 1/17 

DMFb4' R 

ADD 

28J3/7  1 

XAbl 1/1 3 

TP 

DME128' 

ADD 

28.13/74 

XAbl 1/42 

DME128'R 

ADD 

28.13/7  3 

XyXbl  1/14 

Ti’ 

DMF25b' 

ADD 

28.13/78 

X;\bll/15 

I)Mi;23b'R 

ADD 

28.13/77 

XAbl 1/27 

DMF.512’ 

ADD 

28.13/78 

XAbn/23 

DMK312'R 

ADD 

2SJ3/7D 

XAbll/37 

TP 

DMi;i024' 

Ai)D 

28,13/80 

XAbll/2b 

DME1024'R 

ADD 

28J3/82 

XAbl 1/21 

TP 

DMF.2048' 

ADD 

28  13/83 

X/\bll/20 

DMi;2048'R 

/\DD 

28.13/84 

XAbll/22 

TP 

»- 

DME409b' 

ADD 

28J3/83 

XAbll/23 

DME409b'R 

Kecurder  Mixi  i I Icji  ions 


L'|)on  discovery  of  ;in  interface  problem  between  tlie  AN'/AYIC-B  and 
iJi,',id.ita  recorder.  (CtianRCS  were  made  in  the  field  to  alleviate  this 


tlie  (IFi; 
problem. ) 
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SKAVAr  ‘^KRVICKS 


Inoor sorvirt-s  aril  consul  t at  lor  was  prov  i'l>-(l  to  tlio  A'V./KSA 
S!j\KAC  facility  to  service  the  AN7AYK-8  co7iput<Ts  .ind  computer  na  inteu.tp'  • 
bench  at  Pulldint;  485  at  Wr Ight-Patterson  Air  Vorce  R.  se.  Fiftv  hiasshoard 
pulse  t ransl  ormers  were  fabricated  and  deliviTed  to  Si.AKAC  whe^'e  thi  trans- 
‘‘ormers  were  tested  and  installed  into  the  SVAFAC  ho'  bench  by  'he  Air  'orce 
personnel . The  SKAFAC  facilities  were  used  on  occasion  to  update  the  Air 
force  Flight  Test  Center's  total  software  pac'c.ape  to  ensure  tliat  tl’.e 
rtest i nghouse-suppl led  support  software  package  was  functioning  properlv 
on  the  A'r  Force's  CDC  bOOO  computer.  During  thi  course  of  the  fligiit  tf-sts 
at  the  Air  Force  Flight  Test  Center,  a neutral  power  ground  opened  in  flight 
and  subiected  the  avionics  equipment  in  Bay  19  of  aircraft  number  304  to 
more  th.in  2 times  rated  voltage.  SEAFAC  shipped  a replacement  AN'/AYK-8 
system  which  was  used  during  the  repair  of  the  damaged  aircraft  system. 

SKAFAC  also  supplied  needed  cards  (standard  computer  modules)  which  were 
needed  to  interface  the  mentioned  time  code  generator  and  distance  to 
other  aircraft  measuring  equipment. 

Ilie  SEAFAC  facility  proved  to  be  a very  valuable  facility  for  supporting 
the  Air  Force  Flight  Test  Center's  efforts. 
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GKNF.RAL  SUMMAKY  OF  FLIGHT  THST  SOFTU’AKE  CHANGES 


AFFTC-TK- 7b-4  S rri'ort  prosonts  a wry  accurate  description  of  the 
F-i*E  Austere  HL’D/Gunslght  Flight  lest  Program  for  Phase  B.  The  report 
^ives  a system  description,  changes  made  for  this  specific  flight  test 
and  a summary  of  the  flight  test  results. 

The  HUL)  symbol  changes  made  for  this  program  were  as  follows: 

Ta rget  Designator  Op t ton : 

A target  designator  circle  Identical  to  the  one  available  in  the  ,ilr- 
ti'-air  missile  mode  was  optionally  selectable  in  both  air-to-air  gun  modes 
through  the  CGP . It  was  selected  to  aid  the  pilot  in  visually  acquiring 
the  target  during  the  roll  In  for  the  firing  pass  when  a radar  lock  on  was 
available.  The  target  appeared  within  the  designator  circle  If  the  target 
was  in  the  HUD  field  of  view  (FOV).  It  was  a significant  aid  to  the  pilots 

Point  Pipper: 

A one-mil  dot  programmed  into  the  HUD  symbology  for  use  as  a more 
precise  aiming  reference  in  DALCOS . Tht^  dot  was  located  in  the  center 
of  the  six-mil  plpper  circle  which  indicated  expected  bullet  dispersion. 

The  pipper  point  allowed  more  accurate  tracking  by  the  pilot  and  more 
accurate  film  reading. 
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rhanpos  for  TV-t^rteri  IHscrt-yanclis : 

Ttie  operational  propratr  was  !ro<l1^1ed  ti  rlr-ar  up  <!Isi'rep.mil*’s  whin 
Uero  dP tot  ted  diirinp,  the  flight  tost,  ospot  ial’v  In  tho  '’rat  or  r'«'.eri~. 

A o.-)r:|)lete  lovt  of  tho  softwtro  ronf  I p.ura  t Ion  w.is  Vopt  or.  ^Itp.  ‘'asfi«- 
Listings  of  th»  operational  propr.tr  was  Vor>r  on  site. 

:.iigHiie  Incorpo ration : 

lapllno  was  Incorporated  In  the  nAI-CflS  to  indinte  wh«n  the  s'^ht 
w.is  settled.  Tlir  lapllne  wa.s  .Mr  Force  .suppllid  equations  and  was  staled 
to  he  Te'.  r»  scntative  of  the  rate  of  xoviment  and  direction  of  movement. 
Whenever  the  Ttaprltude  was  less  th  rn  the  radius  of  tlu'  bullet  dispersion 
pattern,  the  lagllne  was  not  dlsplaved.  .'llnce  the  lap.llne  Indlc.aled  when 
the  sight  was  In  solution,  It  helped  the  pilot  to  tell  when  to  fire. 

Range  Correct lo n : 

A range  correction  change  for  in-fllght  adjustment,  bv  software,  was 
made  to  correct  a radar  range  error  discovered  by  comptrlng  ground  radar 
range  calibration  data. 

Throttle  Mode  Selection : 

HLD  mode  selection  was  Interfaced  with  the  throttle  swljxhes-ef  the 
TrTO-IF-4r.-55b  modi  f teat  lon.s  which  enabled  automaric  display  of  the  Hl’P  modes 
corresponding  to  the  weapons  selected.  ’’’fils  helped  evaluate  the  value  of 
HL'lJ  mode  selection  with  hands  on  •'he  flight  controls. 

Appendix  B gives  a flight  test  summary. 
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AIM’KNDIX  A 

NEV  TRANSPONDER 

RANGE  MEASURING  SYSTEM  INSTALLED 
BY  AIR  FORCE  FLIGHT  TEST  CENTER 
ON  AIRCRAFT  NL'MBER  304 
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1.0  SYSTK.M  DKSCKIl’TION 


1 . 1 Int  nnlvic  t ion 

Thf  tollowin>’,  dc.scribos  how  tho  stand.ird  YCilOSA  I’roximity  Warning. 

System  c.an  be  modlfli‘d  to  .illow  it  to  function  as  a precise  distance 
measuring,  device.  Separation  distances  can  be  continuously  monitored  to 
within  an  accuracy  better  than  +10  feet  and  virtually  independent  ot  tiie 
actual  separation  distance. 

In  addition  to  the  computation  of  separation  distance,  the  pulse 
coded  signal  format  is  designed  to  accommodate  the  exchange  of  altitude 
or  similar  information.  As  a result,  the  basic  YOIOSh  transponder,  with 
relatively  simple  module  interchange,  can  be  modified  to  provide  range, 
r.inge  rate  and  altitude  relative  to  a target  (responder  location). 

1 . 2 Background  - The  Y01054  I'roximity  Warning  System 

The  Y(.1054  is  a Oband  pulsed  transponder  system  designed  to  provide 
warning  to  student  helicopter  pilot  whenever  other  similarly  equipped 
training  aircraft  penetrate  .i  preselected  protective  envelope.  Development 
of  the  YG1054  began  in  11107,  and  the  first  installations  of  production  models 
were  made  in  e.ariy  1969.  The  systems  proved  to  be  reliable  .and  effective 
in  preventing  mid-air  collisions  with  the  result  that  more  than  3000  of  the 
systems  have  been  ordered  to  date  by  the  U.S.  Army. 

The  system  warns  the  pilot  of  possible  collision  situations  by  sounding 
an  audio  .alarm  and  illuminating  an  Intruder  altitude  position  display  on 
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1 nsr  ru^nont  parifl  whi'novor  .mof'Hr  siTill-irlv  cquippi'!  .ilrcr.i*^'"  pt-ait  rates 
tlu-  pr  tcctoil  airspace.  The  prote.  ted  airspace  f''r  the  ■\r^v  .ippllcalion 
extends  K)0  teet  ahove  and  helew  t!ie  aircri't  and  can  he  selected  to  have 
a radius  ol  up  to  one  nl!e. 

Till'  svsten  consists  of  a receiver-transponder  unit  and  two  quarter- 
wavi  stub  antenn.is.  The  cc'mponents  of  the  receiver  include  the  display, 
di^tital  siyn.il  processor,  transmitter,  receiver,  barometric  sensor,  and 
power  suoplv.  The  package  is  designed  for  standard  con t ro  1 -pane  1 consol*- 
mounting,  wi-ighs  5 lbs.  and  occupies  120  tui . in. 

The  information  flow  in  the  system  consists  of  sequential  time  events. 
Consequent Iv , most  of  the  processing  is  handled  by  sequential  coincidence 
logic.  Essentially,  there  are  two  modes  of  operation;  .in  interrogation 
mode  and  a response  mode  - with  each  device  serving  both  functions. 

Altitude  information  is  derived  from  a self-contained  barometric  sen.sor 
and  is  coded  and  transmitted  continuously  and  omnidirectionally  as  a series 
of  pulse  pairs  with  the  delay  between  the  pulse  pairs  being  proportional 
to  a 1 1 1 1 tide . 

Other  equipped  aircraft,  within  commuti lea t Ion  range,  receive  and  process 
the  altitude  data,  compare  It  to  their  own  altitude,  and  determine  if  the 
interrogating  aircraft  is  within  the  altitude  band  of  concern.  If  It  is,  a 
response  is  transmittea  omnldirect  ion.il  ly  (b.ick  to  the  interrogating  aircraft). 
The  interrogating  aircraft  then  determines  the  length  of  time  which  elapsed 


tu-twffn  its  tr.insinission  of  aititinie  data  and  the  receipt  of  tlie  reply. 
Tlu‘  l.u't  that  a response  was  received  at  all  indicates  that  another 
aircralt  was  within  the  altitude  hand  of  concern  and  its  separation 
distance  is  determined  by  clockinR  the  round-trip  transit  of  the  pulses. 
In  the  YC105t,  the  ac  tu.iJ  separation  distance  is  not  actually  measure  - 
but  rather  it  is  estahlislied  whetiier  or  not  the  intruder  aircraft  is 
within  a maximum  selected  ranp.e  of  concern  such  as  2000  or  5000  feet. 

1 . 1 Modilication  ot  the  Y(1105-'<  to  1‘erform  a Precision  i)MK  Function 

1 . ).  1 The  I’roblem 

I’rovidt."  diKltal  range  data  with  an  accuracy  of  +10  feet  relative  to 
a target  aircraft  which  may  be  maneuvering,  be  as  far  away  as  two  (2) 
miles  and  whose  relative  range  may  be  clianging  as  fast  as  2000  feet  per 
second . 
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figure  6. 
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I . K J I iie  So  I u t Ion 


'toilitv  twi'  (2.'  st.nidan!  Yi.lOS'!*  I’roximitv  Wnrninr  clovlrcs  as  ''ollows: 


In  it  •''! 

Cli.iso  A i rcr.i  f t 
( I nt  orro>^T  tor  ';’''orossor  ) 


I'nit  i>l 

r.i  ri’,t  t _/\  i_rc  r.'i  1 1 
'•!i.s[i(>nc!or 


Roitk'vp  baronotric  sonsor 


Remove  barometric  sonsor 


Romovi’  tront  control  panel  and  digital 
display  logic  - replace  with  blank  panel 
containing  an  in-track  Indicator  light 
and  a power-on/ofi  switcli  and  indicator 
is  possible. 

Replace  digital  prox-warning  signal 
processor  with  a standard  altimeter 
type  2nd  order  closed  loop  Ii'ading 
edgi-  tracker  and  t itne/d  ig  i ta  1 converter. 
Digital  output  to  format  specified. 


Remove  prox-warning 
interrogation  logic 


Replace  front  control 
pane  1 


Hg.ure  1 depicts  the  general  physical  appearance  of  the  modlficed  devices. 
Different  mounting  configurations  can  he  accommodated. 


P r i m.a r_y  P ."y am eter  Summa ry 

• Transmitter  Carrier  Frequency 

• Mcniulation  Type 

• Transmitter  Peak  Power 

• Pulse  Width 

• Interrogation  Rate  (PRF) 

• Range 

• Accuracy  (Static) 

• Knvironmental 


C-Band  5.08  CHz 
Pulse  Coded 
200  Watts 

50  + 20  nanoseconds 
2000  pulse  pairs/second 
2 mi les 
+10  teet 


Temperature 

Vibration 


0 to  75‘’F 

MII,-F.-5400,  Curve  III 


Tower  Requl rcnent s fTni'h  Device) 


2ft  VDf,  n|)proxinatelv  1 npp 


• Antenna  Coverap.e 

Chase  Aircraft  ('nrward  Ouadrant 

Target  Aircraft  •'inn  id  i rec  t Iona  1 

).).)  Performance  Analysis 

Target  Acqu  is i t ion  S e^i^s  i t i_v it y 

In  the  proposed  transponder  svstem  the  maximum  separation  range  which 
can  be  a'-comnodated  is  governed  by  the  target  aircraft  responders  abllitv 
to  receive  and  respond  to  the  ch.ise  aircraft's  i !■  ter  roga  t i on . 

The  Interrogation  signal  strenth  received  by  the  responder  in 

the  target  aircraft  can  be  expressed  as: 

T C C 

f’  T * = installation  losses  in  target  air  ratt 

lf,-^R‘ 

where:  P^  = Interrogators  transmitter  power  (+5j  dBm) 

■ Cj  = Interrogators  antenna  gain 
* Responders  antenna  gain 
y ~ Wavelength  at  5.08  CMz 
R * Range  of  separation 

as  a result,  P^2  ■'•i  range  of  2 miles  can  be  expressed  as: 

P^2  ^ ^2  ~ 3^-7  dft  ” 80.5  dB  - Installation  loss 

“ -82.2  dB  - Installation  + C^  + G2 


28 


The  installation  loss  in  the  responder  aircraft  due  to  cables,  connectors, 
»tc.,  can  he  assumed  to  he  less  than  4 ilB. 

I iie  antenna  >;ain  associated  witli  tlie  responder  aircraft  ((s,>  must  i)e 
assumed  to  he  near  0 since  omuidireccion.il  coveratte  must  he  provided  to 
acc  immod.ite  .iny  m.ineuver  executed. 

It  would  seem  re.ison.ihle  that  during  llie  period  of  concern  - that  perio.l 
when  r.inge  data  is  desired  - the  target  aircraft  would  be  located  in  the  i h.ise 
.lircr.ift's  forward  quadrant.  As  such  an  antenna  gain  of  approximately  7 dH 
san  be  realized. 

ih.reiore,  the  interrogation  signal  strength  received  liy  tiie  target's 
ri-sponder,  is  e(|u.il  to: 

- .h2  dii  - A dll  + 0 + 7 dB 
= -59  dBm 

The  receiver  sensitivity  ot  the  responder  system  is  better  than  -68  dBm, 
providing  an  approximate  9 d!l  margin  at  a range  of  2 miles. 

Responder 

The  responder  unit  will  be  a modification  of  the  Honeywell  YClOSA  C-hand 
transponder.  The  unit  will  only  function  in  the  respond  mode  and  have  no 
interrogation  or  range  computation  capability.  A functional  block  diagram 
ot  the  responder  is  shown  in  figure  2. 
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Anti-nii.i  I’.i  i r and  Powt'r  Divider 


1 . Tilt'  .inti'iinn  svston  will  consist  of  the  exist  in,;  pair  of  1 /A  wave  ■ tuS 
.intenn.is,  power  divider  and  coaxial  cables  lurrentlv  used  on  t *ie 
Vf''A  i02C-?  transponder  systen. 

• J'  1"'*^  t i ons 

llie  received  input  and  transmitted  response  will  be  routed  to  and  from 
the  antenna  svstetr  via  a hybrid  duplexer. 

1.  rh«'  responder  receiver  input  will  be  a weak  R.F.  pulse  pair  separated 
bv  410  nanoseconds.  The  center  freqviencv  will  be  1.0K  I'.llz. 

4.  The  receiver  consists  of  a balanced  mixer  and  local  oscillator  operatini; 
at  5.06  (dlz.  The  receiver  provides  super  heterodyne  mixinv;  of  the 
received  sipnal  which  results  in  a pulse  pair  sipnal  return  at  a 
center  frequenev  of  20  itii  . 

5.  The  I.F.  .amplifier  detects  the  receiver  output  signal  to  pair  ttf  video 
pulses  and  amplifiers  the  weak  input  (-70  dBm)  to  a 10  Volt  level.  The 
I.F.  amplifier  also  contains  a pulse  pair  decoding  network.  The  decoding 
network  only  passes  the  video  sign.ils  if  a pulse  pair  exists  and  the 
separation  between  the  pulse  is  450  + 50  nanoseconds. 

6.  The  two  video  pulses  from  the  I.F.  amplifier  are  fed  to  a delav  network. 
This  delay  network  consists  of  a precision  ramp  and  a comparator.  The 
video  input  triggers  a precision  ramp  which  is  fed  to  a blocking  oscil- 
lator comparator.  A D.C.  reference  voltage  is  also  fed  to  the  comparator. 
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The  comparator  output  is  a very  narrow  pulse  which  occurs  at  the  point 
in  time  when  the  ramp  voltage  and  D.C.  reference  voltage  are  equal. 

The  result  is  a stable,  precision  delay  which  can  be  adjusted  to  main- 
tain a 1 ixed  turn-around  time  for  the  responder.  The  total  time  delay 
will  he  2 ..sec  li'r  the  responder  unit. 

7.  The  delayed  trigger  pulse  controls  the  firing  of  the  transmitter. 

The  transmitter  lonslsts  of  a pulse  modulator  and  a transmitter 
cavity.  The  output  of  the  tr-.nsmitter  will  be  a single  pulse,  500  Watt 
peak  power,  delayed  by  precisely  2 Visec  from  the  initial  received 
signal . 

8.  The  transmitter  output  is  sent  via  the  duplexer  to  the  antenna  system 
for  tlie  reply  to  tlie  chase  aircraft  interrogation. 

Interroga  tor  I hi  ij. 

The  interrogator  unit  will  also  be  a modification  of  the  Honeywell 
Y(;i05d  Oband  transponder,  but  will  also  contain  an  automatic  analog  range 
tr.icking  network  and  time  digital  converter  to  provide  the  range  measurement 
into  a 13-bit  parallel  sig.nal  with  an  accuracy  of  +10  feet.  A block  diagram 
ot  tile  Interrogator  unit  is  shown  in  figure  3. 

i.  Tile  range  measurement  is  initiated  by  the  transmitter  which  produces  a 
pair  of  pulses,  200  Watts  peak  amplitude,  60  nanoseconds  wide,  and 
separated  by  A50  nanoseconds.  The  I’KK  is  nominally  3 kHz.  Tfie  pulse 
pair  is  routed  to  the  antenna  system  via  a duplexer  and  power  divider 
located  in  the  receiver  he.id . 


31 


!n  .'idclitlc'n  to  m-nora  t In^"  an  R.K.  pulse  pair  ro  t’lO  antennas  fnr 
t ransmlss iun,  the  transmitter  also  provides  a "time  of  transmission" 
relerence  pulse  (TC)  to  the  analoK  tracker  and  dip.ital  processor. 

The  T'i'  pulse  is  the  digital  stcart  pulse  for  the  range  measurement 
and  occurs  at  the  exact  time  of  transmission  of  the  first  pulse  of 
the  pulse  pair. 

i.  After  transmission,  the  received  signal  from  the  responder  unit  is  a 
single  pulse  at  a level  of  -70  dBm  or  greater  and  a time  delay  renre- 
st-ntative  of  the  range  to  the  responder  plus  the  2 Usee  responder 
turn-around  time. 

•< . i he  reeeived  signal  is  heterodyned  by  the  receiver  mixer  and  local 
oscillator.  The  local  oscillator  of  the  interrogator  unit  has  a 
Irequencv  ot  !> . 08  OHz  which  is  the  same  as  the  received  signal.  This 
results  in  a detected  video  output  of  the  mixer  or  a "zero  inter- 
mediate frequency". 

S.  The  T.F.  amplifier  Is  therefor*-  truly  a video  amplifier  with  a band- 
width of  approximately  200  mHz.  The  I.F.  amplifier  has  an  overall 
gain  capahiHtv  of  90  dB  and  h.as  lull  control  over  a dynamic 

r.ingi-  (>f  hO  dll.  The  output  of  the  I.F.  amplifier  is  a single  vide.o 
pulse  which  is  held  constant  in  amplitude  (8  V('lt  peak)  to  ensure 
continuous  tracking. 

f).  The  anah’g  tracker  is  a closed  loop  tracking  system  which  maintains  a 
gate  pulse  on  the  leading  edge  of  the  video  return.  Tlie  gate  position 
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is  therefore  a true  representation  of  the  earliest  return  or  straight 
line  path  to  the  target.  Multipath  returns  are  thus  eliminated  and 
are  not  averaged  in  the  range  computation. 

The  purpose  of  tlu‘  analog  tracker  is  to  maintain  the  tracking  gate 
on  the  leading  edge  of  the  video  return  during  the  track  mode.  The 
track  gate  is  a true  representation  of  the  time  delay  of  the  return 
signal.  The  tracking  gate  is  therefore  used  as  the  dig,ital  stop 
pulse.  Since  only  gate  position  is  determined  by  tlie  tracker,  no 
.inalog  errors  or  non-linearities  which  may  exist  can  affect  the 
range  accuracy  of  tlie  digital  range  signal. 

Tlie  analog  tracker  also  provides  a discrete  "validity"  command  when 
the  system  is  tracking  properly.  The  discrete  signal  is  used  to 
ligtit  tlie  "TRACT."  light  on  the  interrogator  unit. 

7.  The  time  digital  converter  provides  a range  signal  in  13-bit  parallel 
form.  The  method  of  computation  is  similar  to  a start-stop  counter. 

Tiie  Tv  pulse  (transmission  reference)  initiates  a flip-flop  into  the 
high  state  and  the  flip-flop  is  reset  by  the  track  gate  (video  return 
position).  The  flip-flop  output  then  representative  of  the  range  delay. 

The  open  gate  is  used  to  pass  25  mHz  clock  pulses  into  an  accumulator 
during  each  PRF  period.  The  digital  system  samples  100  periods  and 
.iverages  them  to  produce  a highly  accurate  digital  signal  wliich  is 
updated  at  a .1  second  rate.  The  100  pulse  averaging  reduces  errors 


33 


S 77  0463  V 3 


FlRurt-  8.  Target  Aircraft  Responder 


due  to  JittiT  and  thi-  unciTta  inty  of  an  extra  clock  pulse  (20  foot 
period)  beinp,  .iccepted  by  the  accumulator.  The  uncertainty  of  one 
clock  pulse  exists  bec.iuse  the  clock  is  not  synchronized  to  the 
initial  openinn  of  the  Kate  by  the  T>  pulse.  Tlie  100  pulse  average 
teehniciue  thus  reduces  to  uncertainty  ot  one  clock  pulse  from  20  leet 
(one  clock  perii'd)  to  .2  feet  since  100  periods  are  averased. 

The  output  si^.nal  will  1h-  compatible  to  the  llDAC-13  diKital  to  analop, 
converter  m.inufactured  by  ILC  Data  Devices  Corporation. 

1 . 4 Proposed  j\n t enna  Installation 

1.4.1  Target  Aircraft 

The  existing  inst.i  1 lat ion  of  the  VECA  Radar  Transponder  Model  302C-2 
would  be  utilized  on  the  target  aircraft.  The  antenna  system,  composed  of 
two  quarter  wave  stubs,  power  splitter  and  existing  cables  can  be  used  by 
the  Honeywell  system  directly  with  no  changes  anticipated.  The  bandwidth 
of  the  VECiA  antenna  system  is  sufficiently  broad  to  work  witli  no  degradation 
at  5.08  CHz . 

The  antenna  installation  on  the  target  aircraft  will  amount  to  removing  ilu 
existing  VE(;A  transponder  and  replacing  it  with  the  Honeywell  unit.  The 
Honeywell  responder  unit  will  iiave  a single  antenna  port  connector  to  connect 
directly  to  the  existing  antenna  system. 
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1.4.J  CIkis»-  Airrrnft 


Tho  svstcn  rof}uirfmenls  of  clmso  oircr.ift  dirtato  that  tlu-  antar'n.i 
systtT'  proviiii'  a nominal  bO  dev.roo  cone  of  I'vor  ij’o  lookinf  forward  alotu’ 
t!n’  horosi>’,ht  of  the  aircraft. 

lo  actiiovr  this  covora^a’  .md  provide  adoqii.ito  antenna  nain,  si  veral 
types  of  .intennas  at  various  locations  were  considen-d.  .\n<>nf;  the  .’.ntennas 
considered  were  tlie  following: 

Quarter  Wave  Stub  - The  fjviarter  wave  stub  is  sm.ill  but  does  not  provide 
t Ite  directivity  required  to  meet  system  requirements.  Several  locations 
were  considered  but  none  provided  .1  clear  view  forward  without  shielding 
from  other  portions  of  ttie  aircr.tft.  I.ocntions  c)n  the  Instrument  pod 
were  unsatisfactory  because  of  aircraft  noise  shadinp,  the  upper  lialf 
of  the  forward  look  sector. 

Directive  Blade  Antenna  - An  aerodynamic  blade  with  directive  elements 
could  be  developed  to  obtain  a b to  7 db  >;ain  in  the  forward  quadrant. 

Ihe  location  of  the  blades  would  have  to  be  in  tl'e  lorward  portion  of  the 
.lircraft  ahead  of  the  cockpit  to  aclii«-ve  t tie  ct'verape  required.  A pair 
ol  blade  antenn.is  located  at  45  de^rej's  with  respect  to  vertical  would 
provi<ii  adequate  coverage  and  reduce  effects  ('f  cri'ss  polarization 
when  the  chase  aircraft  is  in  a roll  maneuver.  The  blade  .tntonna  re- 
quires a fairly  rigid  mounting  surface  because  of  ae''('dynamlc  stress 
and  tlu*refort>  is  limited  to  locations  on  the  forward  fuselage,  where 
existing  panels  or  access  piatt s exist. 
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llont'vwol  1 is  t iuTfl  Hri-  cons  ijor  1 ok  the  hidde  antenna  as  an  alternan- 
approach  It  the  end  fired  array  is  not  ■'•eptahle  to  t'ne  U.S.  Air  Force 
from  an  installation  standpoint. 

St.ind.irJ  iiorn  or  Array  - ilie  standard  horn  or  arr.iy  antcnn.i  would  require 
a location  in  the  forward  nose  of  the  aircraft.  It  iias  been  determined 
tli.it  sp.ice  or  .iccess  to  the  forward  nose  compartment  does  not  exist 
because  of  the  existc“nce  of  the  fire  control  radar.  A standard  horn 
or  arrav  in  the  nose  cone  of  the  instrument  pod  would  not  provide  adequate 
coveraite  because  the  forward  fusela>;e  blanks  the  upper  antenna  pattern 
thus  preventing,  coverage  above  the  aircraft  borcsiKht. 

A sm.1 1 1 arr.iy  .intenn.i  located  in  the  cockpit  behind  the  ploxit;lass  wind- 
shield w.is  considered.  The  plexiglass  windshield  is  approximately  9/16 
inches  thick  and  .--lopes  at  a 30  degree  angle  with  respect  ot  the  aircraft 
borcsight.  The  30  degree  incident  angle  and  the  9/16  inch  thickness  would 
cause  pattern  distortion,  refraction  and  severe  signal  .ittenuat ion  .it 
3.08  C.llz  because  the  thickness  is  almost  exactly  a quarter  wave  length 
.It  the  operating,  frequency  of  the  system. 

1.4.3  The  find  Fired  Arr.iy 

A pair  of  KM)  FIKKI)  MICRO  STRIP  ARRAY  antennas  located  at  45  degrees  with 
respect  to  tlie  aircraft  vertic.il  plane  is  the  proposed  solution.  The  antenn.is 
could  be  located  at  either  the  upper  or  lower  half  of  the  forward  fuselage 
.IS  stiown  in  figure  4 (A  and  II). 
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Tb<‘  oml  flrfcl  arr.iv  1 .1  trux!  i [ u .it  U'u  o*  .1  sl.ini.l.11  d niiro-sttMp 

• irr.iv.  Tlie  InfHvidu.il  i-lfni-nf  i>!  the  .irr;iv  .ire  ted  vi.i  .i  ph.i.se  network 
whirti  results  In  .1  tiltfnp.  of  the  h pl.ine  In  .1  ‘orw.ird  direction.  The 
result, int  tilt  pl.ices  the  pe.ik  of  the  m.iin  lobe  .ipprox  (m.ite  1 y 10°  .tbove 
tlu  pl.ine  of  the  .intenn.i  ns  shown  in  figure  b (RJ. 

Th<“  .'intenn.i  is  d imens lon.i  11  v 2 inches  bv  4 inches  <ind  1/16  inohetj  thick 
This  results  in  ,1  "p'ltch"  like  .intenn.i  which  i.s  e.isy  to  install. 

A siTuill  hole  in  the  fuselage  or  acces.s  plate  will  he  required  to  have 

• iccess  to  the  antenna  connector  which  pertrudes  f r.ir.  tlie  b.ick  of  the  antenn.i 
The  intennas  c.in  be  bolted,  riveted  to  the  fusel  ige  or  secured  to  .n  removabl 
aicess  panel  via  an  IIPOXY  AlillKSlVK  if  panels  exists  at  the  proper  location. 

1.4.4  Orientation  and  Cross  Polarisation 

Tlie  target  aircraft  antennas  will  have  an  orientation  where  the  E plane 
is  vertical  by  virtue  of  the  quarti'r  wave  stub  antennas.  The  chase  aircraft 
will  have  a je/t'ij' VlIlV  plane  orientation  in  the  vertical  plane  via  two 
aiitenn.is  mounted  at  45°  with  respect  to  vertical.  The  result  is  a loss  of 
.ipprox  im.itel  y 3 dll  in  sensitivity  if  botli  .aircraft  .ire  flving  str. light  and 
1 eve  1 . 


If  the  chase  aircraft  is  maneuvering  at  severe  roll  aiipjes,  one  antenna 
will  increase  in  signal  as  the  other  antenna  fades  in  signal  due  to  cross 
polarization. 

ITie  result  of  this  orientation  is  that  the  system  will  have  an  initial 
3 dH  signal  loss  due  to  pattern  polarization,  but  the  signal  will  remain 


3H 


relatively  constant  at  all  roll  anRles  durlnR  maneuvers.  This  will  increase 
the  ability  of  the  system  to  maintain  track  or  "Lf)CK  ON"  durln,>,  severe 
maneuvers . 
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26  24  Jun  1.5  Trackins  with  DALCOS  FIG.AT  Caspter /Cr Imncl 

27  24  Jun  1.7  Tracking  with  HLGS  FIGAT  Mi  Ian /Me Dona Id 

28  25  Jun  1.7  Tracking  with  lll.GS  FIGAT  Casper/Cr immel 

29*  28  Jun  0.7  Lost  banner  on  takeoff  Banner  Casper/Cr irtinel 

30*  29  Jun  0.4  Air  abort/tow  aircraft  Banner  Casper/Cr ircnel 
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61  27  Aug  1.3  Tracking  with  DALCOS  Rinner  Mcsctiko /Por.eroy 

62  30  Aug  1.1  Tracking  with  HLGS  Dart  Gardtu-r/Pomeruy 

63*  30  Aug  0.4  Air  abort/shootur  aircraft  Dart  Gardner/Poiroroy 

64  31  Aug  1.3  Tracking  with  KT.GS  hatt  Mfschko/Slzf'ir.ore 

65  1 Sep  1.0  Tracking  with  DAI.COS/HI.GS  Dart  Garda>  r /Tonorov 
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